coverage results. Ballard's Theorem I provides a useful guide; however, as he himself comments, the patterns 9/9/7 and III/1 14 listed in his Table III as providing triple and quadruple visibility, respectively, might not be very practical, since they would not provide positive minimum elevation angles at altitudes less than about double the synchronous altitude.
5) Though Ballard apparently disagrees, at least as regards single coverage, with my view that the minimum satellite separation is an impoitant characteristic of a pattern second only to the degree of coverage provided, I would expect that the zero minimum satellite separation associated with the pattern 10/10/7 quoted by Mozhayev [71 and Ballard would disqualify it from adoption for any practical system and that pattern 10/5/2, having 14, 51 the slightly inferior maximum single-coverage radius of 52.2°b ut a minimum satellite separation of 46.6 would be preferred. Incidentally, Ballard's 6) 1 feel that one of the more useful results from my studies, in additioni to those mentioned by Ballard, was the development of a simple method of identifying which pattern would be found, for a particular number of satellites, to provide the largest minimum satellite separation; this would often prove also to be the pattern which provided the smallest maximum n-coverage radius, but even when this was not the case it would provide a radius close to the smallest. Briefly, this method 15, 6] is as follows. For a total of T satellites, the selected pattern is TIPIF, where P (the number of orbital planes) is equal to T divided by the highest common factor of T and M; F (a measure of the relative phasing between planes, in units of 360°/T) is equal to T(kP -L)IPM: L:M equals 2:1 for values of T from 5 to 9, 3:2 for T from 10 to 24, and 4:3 from 25 upwards; and k takes whatever integer value is necessary to make F an integer in the range 0 to P -1. Thus, for T = 9 and I1, respectively, this method identifies the patterns 9/9/7 and IL / 11/4 mentioned in comment 0018-9251,82/ 1100-0724 $00.75 (C 1982 IEEE (4) , while for T = 10 it identifies the pattern 10/5/2 mentioned in comment (S nation of separation conditions. Under the assumption of nonsingularity of certain matrices, we obtain the necessary and sufficient conditions for a separate interpolation and discuss them. Finally, an especially important case is considered as an example.
I. INTRODUCTION
Bandpass signal sampling is a subject in which some aspects are still under investigation. A direct sampling requires a rate between cr/ul and 2u/lrr (where u is the angular bandwidth of the signal) to allow a posterior interpolation of the original signal [11] . Two classical approaches to maintain the (average) sampling rate at its (theoretical) minimum value are I) to sample the in-phase and quadrature components of the signal i. and q, in x(t) = ir(t) cos wot -q(t) sin wot (1) (where wo is the center angular frequency) that are lowpass, u/2-band-limited signals, according to the usual sampling theorem [2, 3] ; therefore, at a rate v/ 2ir each;
2) to sample (at the same rate o/27r) x and its Hilbert transform x(t) = l/Tt * x(t) = f x(t -t')dt'/rrt' (2) where * indicates convolution [4] . [12] , following Linden's [6] proof of Kohlenberg's second-order sampling [5] ; the second [13] , modifying Papoulis' generalized sampling expansion [14] [15] [16] to cover separate bandpass sampling. The same result is obtained, but the two proofs offer different ways to compute the interpolating functions for ix and q,.
In [12] and [13] we have indicated that w0 $A ku/2 implies, for a general x, bandpass interpolating functions with spectral discontinuities, and this fact prevents a separate interpolation. The altemative to sampling x and x necessitates the same condition; but its analysis does not follow the same formulation.
In a second step [171, and considering that the reasoning of the previous paragraph can be immediately extended, we have generalized our modification of Papoulis' generalized sampling expansion to sample at a rate or2,rN the outputs of 2N linear time-invariant systems driven by x, obtaining a general separate interpolation formula when w0 = kul2N (generalized Brown Formula (3) can be considered as a useful particular case of a generalized bandpass signal sampling introduced by Brown [18] .
Recently Brown [19, 20] has derived Papoulis' generalized sampling expansion formulas and their extension for bandpass sampling according to different reasoning, obtaining directly the Fourier transforms of the interpolating functions, i.e., the transfer functions of the interpolating filters, using a pieced calculation. In this paper this simpler and advantageous solution is used to introduce the separate interpolation, and a generalized Brown's condition is discussed. A particularly important case is shown as an example.
RESTRICTED VERSION OF MULTICHANNEL BANDPASS SAMPLING
We introduce a restricted version of Brown's multichannel bandpass sampling theorem which is useful in obtaining a separate interpolation formula. We omit the 0018-9251/82/1100-0725 $00. 75 © 1982. corresponding proof. an immediate particularization of that contained in [20] . Let x be a deterministic, real, finite-energy, bandpass signal, i.e.,
the ith system, i.e., the inverse Fourier transform of H,) have spectra [21 ] B, (w) = 2 Y,(w ± w0) u(o + w0) (8a) Bhi(W) -2 Hi(w + w4') (a + w,() (4) (8b) respectively; using these functions and keeping in mind that (9) where X is the Fourier transform of the signal, EA is its energy, wo is its center angular frequency, and c is its angular bandwidth. Let ; assuming that systems (7) offer unique solution sets, these determine the spectra of the 2N interpolating functions (i.e., the transfer functions of the interpolating filters). It is possible to present (7) completely in a matrix formulation; but we prefer to establish the equivalent low pass equations before using this kind of formulation.
III. EQUIVALENT LOW PASS FORMULATION
The complex envelopes of {yi(t)}. ing combinations of the pieces of each previously obtained solution in a way parallel to that indicated by Brown in the low pass case. In particular this ensures the equality of the previous {yi(t)} with the {v,0(t)} of [17] , IX. CONCLUSIONS Starting from Brown's formulation of multichannel sampling of bandpass signals, we have introduced a general separate interpolation formula to reconstruct the signal from the samples of the outputs of 2N linear, timeinvariant systems driven by it taken at a rate 1/2N times the Nyquist rate, under the following conditions:
1) The transfer functions of the systems have to generate a nonsingular matrix A (12).
2) The center angular frequency and the bandwidth of the signal are related by w0 = kul2N, where k is an integer (generalized Brown's condition).
3) The impulse responses of N systems have zero quadrature components, while the impulse responses of the other N systems have zero in-phase components.
The proposed formulation has the advantage with respect to others previously stated of offering the transfer functions of the interpolating filters directly.
An interesting example, in which all the linear systems are pure delays, is considered and solved to illustrate the proposed method.
When generalized Brown's condition is not satisfied, we can apply this method with a minimum sampling rate IIT' -U'/2Tr N = wo/E[2Nwo0/oi maintaining the center angular frequency, or with a minimum sampling rate 1/T" = u"/2hrN = (2Nwo + u)12/ThNE[(2Nw0 + u)/ur] without maintaining wo.
In a previous paper by the authors [11, it was shown that ground clutter amplitude from cultivated land obeys a Weibull distribution with the shape parameters of 1.507 to 2.0 at very low grazing angles between 0.21°and 0.32°using an L band long-range air-route surveillance radar with a 3.0 ,us pulsewidth and a 1.23°beamwidth.
The present paper investigates the Weibull statistics of ground clutter after double canceler MTI processing.
Four typical examples before and after MTI are shown in Fig. 1 . A straight line was fitted to the values of Y and X by the least squares method. If the data follow 
